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Abstract - A novel approach for the synthesis o f  pyridazinoner has been achieved by the reaction - 
of a-formylhydrazones with carboethoxymethylidene triphenylphosphorane. The mode of the  

reaction was investigated and the structures were confirmed by both physical and chemical 

methods. Thus, 3- [I-aryl-6(1H)-pyridazinon-3-yll-2(1~~-quino~aLinones (19) were prepared. 

The pyridazinones a re  associated with analgetic, antihypertensive and antiinflammatory activities4-''. These 

biological properties as well as our interest in the synthesis of nitrogen heterocycles from carbohydrate 

precursors1' draw our attention to find a new approach for the  synthesis of pyridazinoner. 

The structure of pyridazinone (3) indicates that  it may porress a hidden a-formyhydrazone and an ,6- 

unsaturated carbonyl moieties. An approach to the  elaboration of its carbon framework can be considered via 

the  generation of t h e  =&=o moiety by reaction of t h e  formyl group of an a-forrnylhydrazone ( I )  with 

carboethoxymethylidene triphenylphasphorane, the  Wittig reaction, followed by cyclization. Bearing in mind 

that the stereochemical outcome of olefins prepared with the Wittig reagents should be  anticipated t o  give in 

most cases the E-isomer, and by inspecting the model for t h e  possibility of cyclization of the E- and Z-isomers 

R' 

CHO 



indicated that there was a possibility for the  cyclization of the  2-isomer (41, but not the E-isomer (21 (Scheme 

11. Consequentiy, it is interesting to report on this phenomenon and on novel synthesis of the  pyridazinone ring. 

When 3-(l-phenylhydrazonoglyoxal-l-yll-2(L~)quinoxalinone ( I l a )  was allowed to  react with carbaethyoxy- 

methylidme triphenylphosphorane in N,N4methyIformamide (DMFI, the  prcduct was found to be dependent on 

the reaction temperature, whereby two products could be obtained selectively. Namely, a red product (14a) war 

Scheme Il 
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isolated in 73% yield upon carrying the reaction a t  1 0 0 ° ~ ,  whereas a yellow product (19a) was isolated in 68% 

yield under reflux. On the other hand, compound ( l e d  could be transformed in 90% yield into the yellow 

compound (19aJ under reflux in DMF (Scheme 11). The structural assignments of the above two compounds (lba, 

19a) were based on the elemental analyses and spectral data. IH-NMR spectral data  showed the tranr olefinic 

proton signals a s  the  two doublets a t  65.74 and 7.63 ppm with 3116 Hz for (14aJ and the  & olefinic proton 

signals as the two doublets a t  7.13 and 8.08 ppm with 3=10 HZ for (19a). These data excluded the  structures 

(22) and (23) far the above products (14aJ and (19a), respectively. That is, compound (22) possesses the  

methylene and methine protons, while the  CIO-H proton signal of (23) is expected to appear in a much lower 

magnetic field than the other aromatic protons, which is due to the anisotropy by the adjacent I-carbonyl 

group12913, Moreover, compound (19a) showed peaks at m/z 171 and 145 due to  the ions resulting from the C-C 

band fission between the two heterocyclic rings. 

Treatment of (14a) with sodium hydroxide gave a mixture of two products which were identified a s  the  

pyridazinone (19aJ and the flavazole (15a) in 1:3 ratio. This could be explained a s  two competing reactrons 

occurring under the action of hot alkali; isomerization followed by cyclization gave (19a1, and dehydrative 

cyclization accompanied with hydrolysis of the ester group afforded the  acid (I5aJ. The acid (15a) was 

alternately synthesized from the aldehyde (17aJ. The reaction of (17aJ with carboethaxymethylidene 

triphenylphosphorane provided (16a1, whose hydrolysis furnished (15aI. Catalytic hydrogenation of the flavazole 

(16a) afforded the saturated derivative (21). 

Methylation of (19a) with dimethyl sulfate in the presence of sodium hydroxide gave the corresponding N- 

methy11',14 derivative (20). Its mars spectrum showed t h e  molecular ,on peak at rnlz 330 as the  base peak. 
+ 

Prominent peaks [ m h  315 (R1 . 3.6%); 302 (5.3); 301 (1.7); 274 (3.11 and 273 (4.8)l corresponding to  (M' -Me), 
+ + + + 

(M' - CO), (M' - NMe), (M' - ZCO), and (M' - CO - NMe) respectively were observed and strongly supported the  

N-methyl structure (t!). 

In order M study the scope of the reaction, the heterocyclization of the u-formylhydrazones (11) with 



carb~ethox~methylidene iriphenylphosphorane was tried, whereby the pyridazinones (19) were successfully 

obtamed. When the hydrazone residue has an electron withdrawing group such a s  the p-zhlorophenyl, the  

cyclization t o  (19) was much more facile than the corresponding phenyl analog, possibly due t o  an increased ra te  

of ivrmerization to  the c i r s r t e r ,  as shown in Scheme In. This results in a difficulty in isolating the  

corresponding olefin (141, whereas with electron donating groups the alefins could be  easily irokted. 

The starting orformyhydrazones (I I)  required for the above study were prepared by a sequence of reactions. 

Oxidation of L-ascorbic acid with p-benzoquinone afforded dehydro-L-ascorbic acid (61. Treatment of 

compound (6) with ~phenylenediamine followed by the reaction with aryhydrazines provided the hydrazones 

(121, but not the dehydrated compound (8), as reported earlier15-17. Periodate oxidation of (12) gave the 

I aldehydes (11) whose infrared spectrum showed the formyl and amide absorption bands a t  1690 and 1660 cm- , 

respectively. The presence of the formyl function of ( I l l  was further confirmed by reduction with sodium 

borohydride followed by acetyktion to  give the  mono-acetyl derivative (10). 
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EXPERIMENTAL 

General Methods: Melting points were determined with a kofkr-block apparatus and are uncorrected. IR  

spectra were recorded with a Unicam SP-200 spectrometer, and 'H-NMR spectra (for solution in dimethyl , 

sulfoxide-d4) with a JEOL-100 spectrometer, with tetramethylsikne as an internal standard. Chemical shifts 

are given i n  the 6 scale. Mass spectra were .recorded with an A.E.I. MS-902 instrument. Microanalyses were 

performed in the Chemrstry Department, Faculty of Science, Cairo University, Cairo, Egypt. 

3- 114o-Tohlhydrazono-L-thr~)-2~3,4-tr ihyd1-2(1H)quinoxal1none (12b). It was prepared by the 

standard procedure15 to give the red-orange needles (yield: 65%); mp 185-187'~. IR(NujoU 1655 (OCN) cm'l. 

Anal. Calcd. for C19H20N404: C, 61.94; H, 5.49; N, 15.21. Found: C, 62.20; H, 5.60; N, 15.00. 

3-114o-TolylhydrazonoJ~l~oxal-L-yll-2(lH)quinoxalinone (I lb). Compound (l2b) was subjected to the action.of 

sadium periodate using the reported The product war crystallized from ethanol (yield: 78%): rnp 

255'~. IR (NujoU 1660 (OCN), 1690 (CHO) Anal. Calcd. for Cl7HI4N4O2: C, 66.65; H, 4.61; N, 18.29. 

Found: C, 66.50; H, 4.30; N, 18.60. 

3- 12-Hydroxy-140-tolyRydrazono)efhyll -2(IH)quinoxalinone (9b). It was prepared from ( I  lb) by reduction 

with sodium barohydrrde using the reported procedure l7 to give red-orange needles (yield: 89%); mp 248- 

250'~. IR (Karl 1675 (OCN) cm-I. Anal. Cakd. for Cl7HI6N4O2: C, 66.22; H, 5.23; N, 18.17. Fwnd: C, 

66.00; H, 5.50; N, 17.90. 

3- 12-Acetoxy-140-tolyhydrazonoJethyll -2(IHJquinoxalinone (lob). It war prepared by lhe acetylatian17 of 

compound (9b) with acetic anhydride i n  pyridine to give orange needles (yield: 79%); mp 212-215'~. IR (KBr) 

1660 (OCN), I730 (OAc) cm-l: 'H-NMR (DMSO-5): 6 2.03 (s, 3H, OAcJ, 3.3 (s, 3H, CH3), 5.37 (5 2H, CH2), 

7.3 (m, 8H, ArH), 12.7 (bs, IH, NH), 14.37 (s, IH, NH). Anal. Calcd. for CI9Hl8N4O3: C, 65.13; H, 5.18; N, 

15.99. Found: C, 64.80;H, 5.40; N, 15.80. 

3- 12-(E-Carboetho~~meth~lidene)-l-~hen~hydrazon0~1~o~a1-I-y11-2~1H~q~in0~alin0 (Ill*. A mixture of 

compound (lid (0.58 g, 2 mmoU and carboeth~xymeth~lidene triphenylphosphorane (0.7 g, 2 mmoU in N,N-di- 

methylfarmamide (10 ml) was heated on a boiling water bath for 4 h. The mixture was poured onto crushed ice 

and the product which ~recip i tated was filtered off and washed with ethanol and dried (yield: 76%). 

Recrystallization from ethanol provided red needles: mp 208-210~~. IR (NujoU 1665 (OCN and C=C), 1705 

(COO) cm-l; 'H-NMR (DMSO-a): 6 1.22 (f 3H, 3 ~ 8 ,  CH+ 0.15 (q, 2H, 34, CH2), 5.74 (d, IH, &I69 -CH=), 

6.9, 7.6 (Zrn, IOH, A ~ H  and NH), 7.63 (d, IH, 3=16, -CH=), 12.67 (bs, IH, NHJ. Anal. Calcd. for C20H18N403: 

C, 66.28; H, 5.01; N, 15.46. Found: C, 66.20; H, 4.90; N, 15.50. 

3- R4E-Carboethoxymeth~dene)-l-(o-t~1yR~draz~no)-g1y~~a1-1-11 -2(IH)quinoxalinone (14bJ. Compound 

(I lb) was treated in a similar manner to the above, and the product was recrystallized from ethanol to give red 

needles (yield: 70%); mp 245'~. IR (KBr) 1660 (OCN and C=C), 1705 (COO) cm-I. Anal. Calcd. for 

C21H20N403: C, 67.01; H, 5.36; N, 14.89. Found: C, 67.20; H, 5.30; N, 15.20. 



3- 12-(E-Carboethoxymethylidene)-l~p-tolylhydrazono)-glyoxal-l-yl]-2(lH)quinoxalinone (14~) .  Compound 

(Ilc) was treated in a similar manner ta the above, and the product was recrystallized from ethanol to  afford 

red needles (yield: 76%); mp 216OC. IR (NujaU 1665 (OCN and C=C), 1695 (COO) cm-I. Anal. Calcd. for 

C21H20N403: C, 67.01; H, 5.36; N, 14.89. Found: C, 66.70; H, 5.10; N, 14.80. 

3-lI-Phenyl-6(lH)-pyridazinon-3-yll-2(IH)-quinoxalinone (19al. (a) A solution of compound ( l l a )  (0.57 g, 2 

mmoU and carbaethoxymethylidene triphenylphosphrane (0.7 g, 2 mmoU in N,N-dimethylformamide (IOmU was 

refluxed for 4 h. The reaction mixture was pwred onto crushed ice and the product which precipitated was 

filtered off ,  washed with ethanol and dried. The brown product was recrystallized from ethanol to  give yellow 

needles (yield: 68%); mp ' 300'~. IR (Nujol) 1660; 1680 (OCN) cm-l; 'H-NMR OMSO-$): 6 7.1 (d, IH, ~ ~ 1 0 ,  
. 

CH=), 7.5 (m, 9H, ArH), 8.1 (4 IH, :=lo, -CH=), 12.73 (bs, IH, NH). Anal. Cakd.  for CI8Hl2N4O2: C, 68.35; 

N, 3.82; N, 17.71. Found: C, 68.20; H, 4.00; N, 17.40. 

(b) A solution of compwnd (I4a) (0.2 g, 055 mmol) in N,N-dimethylformamide (5 mi) was refluxed for 4 h. The 

reaction mixture was worked up a s  described above, and crystallization from ethanol afforded yellow needles 

(yield: 90%). ~- 

3- ll-(p-Chlorophenyl~-6(1H)-pyridazinon-3-ylI -2(lH)quinoxalinone (19d). Compwnd (I Id) was treated a s  

described above, and yellow needles were obtamed (yield: 62%; method a); mp 320°C. IR (KBr) 1660 (OCN) 

cm-'; 'H-NMR (DMSO-%): 6 7.2 (d, IH, J.10, -CH=), 7.6 (m, 8H, ArH), 8.1 (d, IH, J=10, -CH=), 12.66 (bs, IH, - - 
NH). Anal. Calcd. f a r  ClgHlICIN4O2: C, 61.6; H, 3.2; N, 16.0. Found: C, 61.50; H, 3.40; N, 15.70. 

I-Methyl-3- 11-phenyl-6(lH)-pyridazinon-3-yll-2(IH~quinoxalinme (2Oa). A suspension of compound (19a) (0.33 

g, 1 mmol) and sodlum hydroxide (0.4 g) in methanol (10 ml) and water (15 ml) was warmed ti l l  clear solution 

was obtained. The reaction mixture was treated with dimethylsulfate (0.8 ml) and then allowed to  stand 

overnight at room temperature. The product that separated out was filtered off, washed with water and dried. 

I t  was recrystallized from ethanol t o  furnish (20a) as colorless needles (yield: 58%); mp 226'~. IR (KBr) 1640, 

1665 (OCN) cm-I. 'H-NMR (DMS&&): 6 3.68 (r, 3H, N-CH3), 7.16 (d, IH, 3=10.4, -CH=), 7.41-7.84 (m, 9H, - 
ArH), 8.02 (d, IH,_3=10.4, -CH=). Anal. Calcd. for CI9Hl4N4O2: C, 69.08; H, 4.27; N, 16.96. Found: C, 68.90; 

N, 4.40; N, 16.80. 

Reaction of CarboethoxymethyEdene triphenylphosphorane with 3-formyl-I-phenyl-1H-pyrazold 3.4-bl quinox- 

ahne (17a). Carboethaxymethylidene Wiphenylphosphorane (0.35 g, I mmol) was added t o  a solution of (17a) 

(0.27 g, 1 mmoU in N,N-dimethylformamide (20 ml), and the solution was refluxed far 4 h. The reaction mixture 

was processed by a usual manner, and recrystallization from ethanol gave yellow neddles (yield: 83%); mp 

150'~. IR (NujoU 1640 (C-C), I705 (COO) cm-I; IH-NMR (DMSO-$): 6 1.13 (t, 3H, 3.5, CH3), 4.13 (q, ZH, 

1=5 HZ, CH2), 7.9 (m, 11 H, ArH and CH=CH). Anal. Calcd. for CZOH16N402: C, 69.7% H, 4.68; N, 16.27. - 
Found: C, 69~50; H, 4.50; N, 1620. 

I-Phen~l-lH-~~razolol3,4-b1quinoxaline-3-Z-propenoic acid (15a). A surpension of compound (16a) (0.2 g, 0.58 
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mmol) in 0.01 N d i u m  hydroxide (50 ml) was refluxed for 4 h. The reaction mixture was cwled and 

neuualized with acetic acid. The product was recrystallized from ethanol to  afford yellow needles (yield: 

87%); mp 302-305'~. IR (KBrJ 16% (C=C), 1695 (COO) cm-I; IH-NMR (DMSO-&): 6 7.7 (m, IIH, ArH and 

CHXH], 12.67 (br, IH, COOHI. Anal. Calcd. for C18H12N402: C, 68.35; H, 3.82; N, 17.71. Found: C, 68.30; 

H, 3.70; N, 18.10. 

Hydrolysis of compound (I$=). A suspension of compound ( l 4 d  (0.3 g, 0.83 mmol) in 0.01 N sodium hydroxide 

(50 ml) was refluxed for  4 h. The reaction mixture was cooled and neutralized with acetic acid. The product 

was fractionally crystallized from ethanol t o  glve yellow needles; mp 302-30PC, which did not show a melting 

point depression when mixed with compound (15a). The other compound was obtained from the mother liquor 

af ter  concentration and war found to  be identical with compound (19a). 

Ethyl I-phenyl-IH-pyrazolo 13.4-bl quinoxaline-3-propanaate (2la). A solution of compound (164 (0.2 g, 0.58 

mmol) in ethanol (100 ml) war added 5% PdlC (0.05 gl. The mixture was hydrogenated under the atmospheric 

pressure till the absorption of hydrogen was stopped. The mixture was filtered and the ethanolic solution war 

concentrated. The product was recrystallized from ethanol to  provide lemon-yellow crystals (yield: 95%); mp 

IBOOC. IR (KBr) 1705 (COO) cm-I. Anal. C ~ M .  for c ~ ~ H ~ ~ N ~ ~ ~ :  C, 69.35; H, 5.24; N, 16.18. ~ o u n d :  C, 

69.50; H, 5.10; N, 16.00. 
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